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Basal cell carcinoma (BCC) is the most common skin
cancer in the Western world. Ultraviolet (UV) expo-
sure, race, age, gender, and decreased DNA repair
capacity are known risk factors for the development
of BCC. Of these, UVB irradiation from sunlight is the
most significant risk factor. The incidence of sporadic
BCC increases in individuals older than age 55, with
the greatest incidence reported in individuals who are
older than 70, and is rare in individuals who are
younger than 30. In this study, we analyzed 24 BCC
samples from individuals who had BCC diagnosed by
the age of 30. Fifteen single-stranded conformation
polymorphism variants in the PTCH gene were iden-
tified in 13 BCC samples. Sequence analysis of these
single-stranded conformation polymorphism vari-
ants revealed 13 single nucleotide changes, one AT
insertion, and one 15-bp deletion. Most of these nu-
cleotide changes (nine of 15) were predicted to result
in truncated PTCH proteins. Fifteen p53 mutations
were also found in 11 of the 24 BCC samples. Thirty-
three percent (five of 15) and 60% (nine of 15) of the
nucleotide changes in the PTCH and p53 genes, re-
spectively, were UV-specific C—T and CC—TT nucle-
otide changes. Our data demonstrate that the p53 and
PICH genes are both implicated in the development
of early-onset BCC. The identification of UV-specific
nucleotide changes in both tumor suppressor genes
suggests that UV exposure is an important risk factor
in early omnset of BCC. (Am J Pathol 2001,
158:381-385)

Basal cell carcinoma (BCC) is the most common skin
cancer in the Western world."? It is classified, together
with squamous cell carcinoma, as nonmelanoma skin
cancer. BCC represents 75% of all nonmelanoma skin
cancer. Known risk factors that contribute to the devel-
opment of BCC include ultraviolet (UV) exposure, race,
age, gender, and DNA repair capacity.® UVB irradiation,
from sunlight, is thought to be the major factor responsi-
ble for the development of BCCs, producing DNA dam-
age at those sites where the pyrimidine of the base pair is
part of a dipyrimidine sequence. C—T transitional
changes at pyrimidine sites, including CC—TT double-
base changes, are the most frequent form of nucleotide
base substitution at the UVB-damaged dipyrimidine
sites.

p53 mutations have been shown in 30 to 50% of BCCs
studied, and more than half of these mutations were
UV-specific C—T or CC—TT changes.”™® These UV-
specific changes in the p53 gene have also been de-
tected in DNA from normal, sun-exposed skin.'®"" The
human homologue of the Drosophila patched gene,
PTCH, was first isolated by two independent groups dur-
ing their search for the gene responsible for Nevoid basal
cell carcinoma syndrome.’®'® Sequence analysis of
DNA from Nevoid basal cell carcinoma syndrome indi-
viduals showed a series of germline mutations in the
PTCH gene. Subsequently, somatic mutations in the
PTCH gene were identified in 20 to 30% of the sporadic
BCCs studied.''® Mutations detected in the PTCH
genes from sporadic BCCs also contained UV-specific
C—T and CC—TT nucleotide changes. Most of the
PTCH mutations detected have been nonsense muta-
tions, deletions, and insertions that lead to a premature
termination of PTCH proteins.’”

An individual’s DNA repair ability is thought to play a
role in the development of BCC. A rare inherited disorder,
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xeroderma pigmentosum (XP), provides a human model
that underscores the important role of DNA repair in
preventing human cancers. Individuals with XP are un-
able to repair DNA damage'® and are 2,000 times more
likely than normal individuals to develop sunlight-related
BCC at an early age.?® Recently, a group studying 22
BCCs from patients with XP identified high levels (>60%)
of UV-specific mutations in the PTCH gene.?' Epidemio-
logical studies have also shown that individuals with BCC
have a decreased ability to repair UV-induced DNA dam-
age compared to control individuals without BCC.??

The incidence of sporadic BCCs increases in individ-
uals older than age 55, with the greatest incidence re-
ported in individuals who are older than 70 years old.
BCC is rare in individuals who are younger than 30 years
old. In a study conducted in a defined population in a city
in southern Sweden, only 12 of 249 (4.8%) BCC cases
were from individuals younger than 30 years old.?® Al-
though some of these patients may have had a history of
significant UV exposure, the development of BCCs at this
early age is unusual. We postulated that mutations in the
PTCH and p53 genes might have contributed to the de-
velopment of skin cancers in this young population. To
test that notion, we retrieved 24 paraffin blocks from 24
early onset BCC cases. Genomic DNA from these BCC
samples was subjected to mutation analysis of the tumor
suppressor genes PTCH and p53.

Materials and Methods
Study Participants

Biopsy specimens with a confirmed pathological diagno-
sis of BCC from individuals who were younger than 30
years old at the time of biopsy were obtained from the
Dermatopathology Laboratory at Columbia University.
Each individual’s age, ethnic background, and medical
history were reviewed by their dermatologist and none of
these individuals has Nevoid basal cell carcinoma syn-
drome. The study was approved by the Columbia-Pres-
byterian Medical Center Institutional Review Board.

DNA Extraction

Paraffin sections containing >50% tumor tissue were
placed into a 1.5-ml microcentrifuge tube and washed
with xylene (three times for 30 minutes each). The sec-
tions were then digested in a buffer with proteinase K
(provided in the QiAamp tissue kit; Qiagen, Valencia, CA)
at 55°C overnight. The genomic DNA was then extracted
following the instructions and columns provided by the
QiAamp Tissue Kit from Qiagen. Genomic DNA of the
peripheral blood from 20 normal individuals was used as
normal control.

Single-Stranded Conformation Polymorphism
(SSCP) Analysis

SSCP-polymerase chain reaction (PCR) reaction mixtures
containing 25 ng of each primer, 22.5 ul of platinum PCR

Table 1. Primers for the p53 Gene

Exon 4 AATGGATGATTTGATGCTGTCCC
CTCAGGGCAACTGACCGTGC
Exon 5 TTCCTCTTCCTGCAGTACTC
GCCCCAGCTGCTCACCATCG
Exon 6 CTGATTGCTCTTAGGTCTGG
AGTTGCAAACCAGACCTCAG
Exon 7 GTGTTGTCTCCTAGGTTGGC
AAGTGGCTCCTGACCTGGAG
Exon 8 AGTGGTAATCTACTGGGACG
ATTCTCCATCCAGTGGTTTC

supermix (Life Technologies, Inc., Rockville, MD) and 0.5
wl of [*3P]dCTP (Dupont-NEN, Boston, MA) were sub-
jected to 30 cycles of PCR amplification. After thermal
cycling, 1 ul of PCR product was added to 10 ul of stop
solution (95% formamide, 10 mmol/L NaOH, 0.25% bro-
mophenol blue, and 0.25% xylene cyanol). The mixtures
were heated to 94°C for 3 minutes and placed on ice
immediately. Three microliters of the denatured mixtures
were loaded onto a 0.5X mutation detection enhance-
ment gel (FMC Bioproducts, Rockland, ME) with 10%
glycerol and run at 10 W for 20 hours at room tempera-
ture. PCR products with SSCP variants were sequenced
using a BigDye terminator cycle sequencing kit (ABI) and
were then run on an Applied Biosystems (Foster City, CA)
310 automated sequencing system.

Mutation Screening for the PTCH Gene

A set of 20 pairs of primers flanking exon 3 to exon 23 of
the PTCH gene, as previously described,'®2* was used
to amplify tumor genomic DNA. These PCR amplicons
were then subjected to a SSCP-PCR reaction with the
nested primers. All mutations were confirmed by new
PCR and sequence reactions starting from DNA.

Mutation Screening for the p53 Gene

Every tumor sample was screened for mutations in the
exon 4 to exon 8 of the p53 gene by direct sequencing
analysis. Genomic DNA from each case was subjected to
PCR amplification with primers flanking each exon of the
p53 gene. The resulting amplicons were then sequenced
and analyzed on an Applied Biosystems model 310 DNA
sequencer. Table 1 lists the p53 primers used. Mutations
were confirmed by new PCR and sequence reactions.

Results

In this study, we examined 24 cases of BCC from indi-
viduals with a confirmed diagnosis of BCC before the age
of 30. All individuals were Caucasians and ranged in age
from 16 to 29 years (Table 2). Fifty-four percent (13 of 24)
of the BCC samples were from the face and neck (the
most common sites for sporadic BCC), and the remaining
samples were from the trunk.

Genomic DNA isolated from each BCC sample was
first subjected to a PCR-SSCP screening for mutations in
the PTCH gene. A total of 15 SSCP variants were de-
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Table 2a. PTCH and p53 Mutations Identified in BCC Samples
PTCH p53
Sample no. Gender Age Site Exon Nucleotide* Effect Exon Nucleotide* Effect
BCCH1 F 28 Forehead 8 1093 cC—cT Q365X 8 833 cC—cT p278L
BCC2 M 26 Chest 9 1249 tC—tT Q417X 8 833 cC—cT p278L
8 844 cC—cT R282W
BCC3 F 29 Forehead 15 2308 cC—cT R772X 6 585 CC—TT R190X
BCC4 F 28 Chest 14 2062 gC—gT Q688X
9 1292 L431Q
ccT—ccA
BCC5 F 25 Chest 5 707 Gg—Ag W236X 7 722 Cc—Tc S241F
21 3487 cG—cA G1163S 8 836 gG—gA G279E
BCC6 F 29 Nasal fold 18 3054 gG—gA  W1018X 6 640del8
BCC7 M 27 Neck 13 1729-1 Splice
Gg—Tg
BCC8 F 25 Left back 17 2709insAT frameshift
BCC9 F 26 Scalp 15 2385del15 del5AA 8 839 R280K
aGa—aAa
BCC10 F 28 Arm 13 1847 Gec—Ac S616N 8 888CC—TT H297Y
8 890delC
BCC11 F 25 Upper lip 5 709 gG—gA E237K 4 292 cC—cT P98S
7 743 cG—CcA R248Q
BCC12 F 18 Upper lip 19 3196 cG—cT E1066M
BCC13 F 28 Chest 14 2004 gC—gT Y668Y 7 722 Cc—Tc S241F
BCC14 F 21 Preauricular 6 620del8
BCC15 F 19 Chest 8 844 cC—cT R282W

*Nucleotide in small case indicates the adjacent sequence.

Table 2b. BCC Samples with Wild-Type PTCH and p53

Genes
BCC16 M 27 Neck
BCC17 F 16 Chest
BCC18 F 28 Cheek
BCC19 F 26 Right upper eyelid
BCC20 M 22 Neck
BCC21 M 27 Behind the ear
BCC22 F 22 Neck
BCC23 F 29 Back
BCC24 F 29 Right upper arm

tected in 13 BCC samples. Sequence analysis of PCR
products containing the SSCP variants revealed 15 se-
quence alternations spanning the entire PTCH gene.
Twelve of the 15 sequence alternations were single nu-
cleotide changes, resulting in six nonsense mutations,
five missense mutations, and one silent mutation. In ad-
dition, two frameshift mutations and one in-frame muta-
tion were detected. These consisted of a splice site mu-
tation in exon 13, an AT insertion in exon 17, and a 15-bp
deletion in exon 15, respectively. These three mutations,
together with the six nonsense mutations, give rise to
truncated PTCH proteins (Table 2).

Five missense mutations were detected spanning ex-
ons 4 to 21 of the coding sequences of the PTCH gene
(Table 2 and Figure 1). Four of these five missense mu-
tations were in or near transmembrane domains. Eleven
of the 12 single nucleotide changes detected occurred at
the dipyrimidine sites. Of 12 single nucleotide changes,
five C—T and five G—A transitional changes were de-
tected. They were consistent with UV-induced sunlight
damage. We also detected a C—T transitional change at
nucleotide 2004 in exon 14, resulting in a silent mutation
(tyrosine to tyrosine substitution at codon 668). All five

missense mutations and the one silent mutation were not
detected in 40 normal control alleles, suggesting that
they were not sequence polymorphisms.

Sequence analysis from exon 4 to exon 8 of the p53
gene, was then performed on DNA from the same 24
BCC samples. Fifteen sequence alterations were identi-
fied in the coding sequences of the p53 gene from 11
BCC samples. Three BCC samples had two p53 muta-
tions each. Twelve of the 15 sequence alterations were
single and tandem nucleotide changes that resulted in 11
missense mutations and one nonsense mutation. Nine of
the 12 single nucleotide changes were UV-specific C—T
and CC—TT changes (Table 2 and Figure 1). Two 8-bp
deletions in exon 6 and a 1-bp deletion in exon 8 of the
p53 gene were detected in three BCC samples (Table 2).
Nine of the 11 BCC samples with p53 mutations also
contained PTCH mutations and all nine of these BCC
samples contained UV-specific nucleotide changes in
one or both tumor suppressor genes (Table 2).

Discussion

Sporadic BCC has the highest incidence in white males
between the ages of 65 and 80. In this study, we evalu-
ated a group of individuals who had their first BCC diag-
nosed before the age of 30. Because the incidence of
sporadic BCC in this age group is very low, few studies
have focused on this patient population. We screened 24
BCC samples from 24 individuals for mutations in the
PTCH and p53 genes. All 24 individuals were Caucasians
between the ages of 16 to 29. The site distribution of the
BCC was 54% on the face and neck, and 46% on the
trunk. This group of younger individuals has a lower
frequency of BCC of the face and neck than the older
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Figure 1. Identification of missense mutations in the PTCH and p53 genes from BCC11 (no. 44). SSCP analysis showed a shifted band in PCR product encoding
exon 5 of the PTCH gene from sample no. 44 (BCC11). Sequence analysis of this PCR product revealed a G— A change at nucleotide 709 that resulted in a glutamic
acid to lysine substitution at codon 237. Direct sequence analysis of the p53 gene in the same BCC sample revealed an UV-specific, C—T transitional change at
nucleotide 292 that resulted in a proline to serine substitution at codon 98. NL, wild-type sequence from normal tissue.

individuals; >80% of the BCCs reported in the 65 to 80
age group are located on the face and neck.?® Moreover,
>79% (19 of 24) of individuals in our early-onset group
were female, in contrast to the older age group where the
gender distribution is approximately equal.®®

Fifty-four percent (13 of 24) of the BCC samples in this
study had mutations in the PTCH gene, compared to an
average PTCH mutation rate of 35% in BCC samples from
older populations.'®" 51718 The difference is statistically
significant by chi-square test (P < 0.05). Of the 15 nu-
cleotide changes in the PTCH gene, 80% (12 of 15) were
point mutations. Our results differ from those reported in
published studies on sporadic BCC in older age
groups,'™ where 47% (nine of 19) of the nucleotide
changes were point mutations. Our data are similar to
that of a recent study in BCC from individuals with XP. In
that study, 73% (16 of 22) of BCC samples contained
PTCH mutations, and 89% of them were point muta-
tions.2! It has been suggested that decreased DNA re-
pair ability in XP individuals contributes to the high fre-
quency of PTCH mutations and high level of point
mutations.?' Based on our findings, we speculate that
early onset BCC results from a reduced ability to repair

DNA damage. Using individuals without BCC as normal
controls, Wei and colleagues®® showed that a combina-
tion of reduced DNA repair ability and exposure to UV
irradiation was associated with an increased risk of BCC.

The PTCH gene encodes two large extracellular loops
and 12 transmembrane domains that binds to sonic he-
hedgehog, a member of the hedgehog gene family.2” The
two large extracellular domains of the PTCH gene are
required for this binding.?® In this study, four of the six
sequence alterations that led to five missense mutations
and one silent mutation, were located in the transmem-
brane domains. The remaining nine nucleotide changes
that we observed are predicted to result in a truncated
PTCH protein. The mutations seen in our population differ
from those seen in Nevoid basal cell carcinoma syn-
drome individuals, in whom most of the PTCH germline
mutations reported were insertions and deletions.?®

In our group of BCC patients, we found 15 p53 muta-
tions in 11 BCC samples. Sixty percent (nine of 15) of
these mutations were UV-specific C—T and CC—TT
changes. The increased incidence of point mutations in
PTCH coupled with UV-specific mutations in p53 sug-
gests that the young individuals in our patient population




may have a decreased ability to repair UV-induced DNA
damage. Overall, we showed that 37% (nine of 24) of our
BCC samples had mutations in both PTCH and p53
genes. Three BCC samples had only PTCH mutations,
and two BCC samples had only p53 mutations.

In conclusion, we have found a series of mutations in
the PTCH and p53 genes in BCC samples from a group
of individuals with early onset BCC. We have shown that
similar to previous studies in older age population, UV
irradiation plays a major role in the development of BCC
in a young population. We speculate that these young
individuals have decreased DNA repair ability that ren-
ders them more susceptible to UV-induced DNA damage
and, therefore, prone to develop BCC at a younger age.
Further studies are needed to assess DNA repair ability in
this population and to evaluate the role of other risk
factors in the development of BCC in young individuals.
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